The basic methodology of the radioimmunoassay developed by Yalow and Berson (1, 2) is now widely applied to the measurement of a variety of substances of interest in the biological and medical sciences. Its use is based on the extreme sensitivity and specificity of this technique.
There are two basic steps involved in any radioimmunoassay: (a) binding of radiolabeled antigen to specific antibody (primary reaction), and (b) separation of bound and free radiolabeled antigen.
In principle, the second step-i.e., the separation process-should not disturb the equilibrium of the primary reaction, but at the same time should yield a clean separation, with all of the bound antigen in one fraction and the free or unbound antigen in another. And the process should be rapid and reproducible.
All this can be achieved by a variety of methods, which can be grouped into three major categories: (a) differential migration of bound and free labeled antigen; (b) isolation of free labeled antigen; and (c) isolation of bound labeled antigen. Several techniques have been used in each of the three categories (3) , but the double-antibody precipitation method followed by filtration or centrifugation is the most widely used technique in radioimmunoassay (3, 4) .
In the double-antibody precipitation technique, a limited amount of primary antibody (specific) is reacted with the radiolabeled antigen; the resulting antigen-antibody complexes are precipitated with a second antibody directed against the primary antibody, leaving the unreacted labeled antigen in solution (4 We undertook this study to determine the suitability of formalin-fixed and heat-killed S. aureus cells for separating bound labeled antigen from free antigen in a radioimmunoassay. #{176}C in small aliquots. Just before use the frozen suspension was thawed at room temperature, washed twice with radioimmunoassay buffer (BST buffer), and suspended to 100 mL per 900 mL of BST. and the sediments were analyzed for radioactivity. Appropriate controls for nonspecific binding of radiolabeled antigen by tubes, second antibody reagents, and S. aureus were included with the test.
Materials and Methods

Reagents
Radioiodination:
The repurified human albumin was radiolabeled with 125! by the iodine volatilization method, as outlined in Figure 1 . This method is slightly modified from that described by Butt (13). The advantage of this method is that the Chloramine T, an oxidizing agent, does not come in contact with the protein being labeled. In brief, the reaction was performed in a paraffin-wax lined V-shaped vessel. Twenty micrograms of protein (20 iiL of 10-gIL solution of human albumin) was added to 60 iL of 1.0 mollL potassium phosphate buffer (pH 7.0) followed by addition of 0.5 mCi of Na'251 (New England Nuclear, Boston, MA). The reactants were mixed. A piece of filter paper (Whatman no. 1), impregnated with 1.0 mol/L NaCl and dried, was placed on a with gradient cross-linking gels were purchased from Isolab Inc., Akron, OH. The gels were equilibrated with BST buffer at a constant current of 3 mA for 6 h. To each gel, 2.5 j.ig of 1251-labeled human albumin or of standard proteins of known molecular weight was applied, and a constant current of 3 mA was applied for 16 h. The gels with '251-labeled human albumin sample were transversely sectioned into 2-mm slices, and the radioactivity of each slice was determined.
Gels with proteins of standard molecular weight were stained with Coomassie Blue (9). Radioactivity measurements: Radioactivity in samples was determined in a Nuclear Chicago gamma counter with a counting efficiency of 70%.
Results
lodination efficiency:
The vapor-phase Chloramine T method, under the conditions stated, resulted in about 60% incorporation of 1251 into human albumin. The specific radioactivity as calculated from counts per minute was 15 CiIg of protein.
Homogeneity of radiolabeled human albumin:
In gradient polyacrylamide gel electrophoresis to determine the homogeneity of the labeled human albumin (Figure 3) , repurified unlabeled human albumin moved as one band in the gel to a distance corresponding to the radioactive peak of the labeled human albumin. A constant amount of labeled human albumin (about 5000 cpm/tube) was reacted with 100 iL of rabbmt anti-human albumin serum at dilutions ranging from 10-fold to 100 000-fold. The maximum precipitation of 1251-labeled human albumin was observed to be about 85% at a 200-fold dilution of the rabbit anti-human albumin when either goat anti-rabbit immunoglobulmn (double-antibody method) or S. aureus cells were used to separate the bound antigen from the free antigen. The minimum detectable precipitation of the labeled antigen by either sep#{224}-ration method was a 10 000-fold dilution of the rabbit antiserum. The antibody titer at 50% of the '251-precipitation point was 1:500 by both the double-antibody and the S. of unlabeled human albumin for 1.0 h at 37 #{176}C. Sequential saturation, or the nonequilibrium method, was used to maximize sensitivity. The mixture then received the labeled antigen and was processed as described above for antibody titration.
The competitive inhibition curves obtained by the two separation methods were virtually identical and could be superimposed upon each other, suggesting that the S. aureus cells could be substituted for the second antibody in a radioimmunoassay. The advantage of this is that less time is required to separate bound and free antigen by the S. aureus method than by the double-antibody method. Figure 7 illustrates the logit-log plot of the data of Figure  6 . Both experimental curves deviated from linearity at low (<0.75 ng/L) and high (>10 ngIL) concentrations of albumin. Theoretically, these deviations could be minimized by use of higher concentrations of labeled antigen and primary antibody. The two standard curves were parallel and had the same slope but different intercepts. Precision studies: Table 1 Kronvall (12) reported that 2 mL of a 100 g/L suspension of S. aureus cells could be used satisfactorily in assays containing 50 L of whole human serum. In our experience, such an amount of S. aureus resulted in high nonspecific binding (up to 14%) because the labeled albumin was entrapped in the intercellular space of the sedimented cells; we reduced the nonspecific binding to 7% by one washing with 2 mL of BST buffer. We also observed that nonspecific binding of label to the S. aureus was lower at pH 8.2 than at pH 7.2. When 400 iiL of a 50 g/L suspension of S. aureus was used, the nonspecific binding ranged from 3 to 6%.
At a centrifugal force of 4000 X g for 15 mm the cells were well packed, and we did not lose any precipitate during decantation of supernate. Therefore, S. aureus could be substituted for the double-antibody method in a radioimmunoassay. This use of S. aureus is economical and time saving.
